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This letter is in response to a request for scientific data related to a proposed health
claim on 0.8 mg folic acid from supplements vs. food. We published results (see
enclosed paper) that directly addresses this issue. It is clear that diets containing
folate and folic acid from fortified foods are sufficient to provide protection from
neural tube defects. The 0.8 mg folic acid proposed is excessive and supplements are
not required to achieve the desired level of protection. The 0.8 mg level is higher
than recently released Reference Dietary Intakes from the National Academy of
Sciences. These recommendations call for consumption of 600 dietary folate
equivalents per day during pregnancy. The claim proposed should not be allowed

on scientific grounds.
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nmol/L (141 and 228 ng/mL) in women
with pregnancies affected by NTDs vs
517 and 630 nmol/L. (228 and 278 ng/
mL), respectively, in women whose preg-
nancies were not affected by NTDs. Of
the 12 cases of NTDs identified in these
2 studies, only 1 maternal red cell fo-
late value exceeded 680 nmol/L (300 ng/
mL). Lack of data on the effect of folate
intake on red cell folate levels in wom-
en of childbearing age currently limits
our ability to provide practical guides
on folate intake.?

This study sought to identify predic-
tors of red cell folate level and relation-
ships between folate intake and red cell
folate levels in women attempting to
become pregnant. Since the bioavailabil-
ity of naturally occurring folates in food
(principally present as pteroylpolyglu-
tamates) and folic acid (pteroylmono-
glutamate) used in fortified breakfast
cereals and supplements differs,® we
also sought to identify levels of red cell
folate associated with consumption of
the different sources of folate. Results
are used to estimate levels of folate in-
take that correspond to reduced risk of
NTDs.

METHODS

Study participants consisted of a sub-
set of women in the Diana Project. a
prospective study of preconceptional and
prenatal risks to reproductive outcomes.
(The study was named after the Roman
goddess Diana. In classical mythology,
Diana was a goddess of childbirth and
the moon; she was intimately concerned
with the affairs of women.) Participants
for the Diana Project were recruited by
mail between 1989 and 1992 from the
entire population of women between the
ages of 22 to 35 years in Group Health,
Inc, a large health maintenance organi-
zation (HMO) serving the greater Min-
neapolis-St Paul, Minn, area. Data col-
lection was completed by mid 1994.
Women were eligible for the Diana
Project if they were intending to become
pregnant during the enrollment period,

had no history of chronic disease or in-

fertility, and would not be using contra-
ceptive methods during enrollment. We
estimate that 1 in 4 eligible women par-
ticipated. The Diana sample was remark-
ably similar to the HM('s population of
women 22 to 35 years of age. Variables
such as infant birth weight, gestational
age, race, pregnancy weight gain, income,
and educational level were similar among
participants and nonparticipants. Nota-
bly, participants were less likely to smoke
cigarettes (7.2%) than nonparticipants
(132%). Additional information on the
study’s methods and sample character-
1stics and the representativeness of the
sample is available.”
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The current study used the subset of
219 Diana Project participants sequen-
tially selected to receive red cell folate
and serum ferritin and zinc analyses in
addition to hemoglobin (which was rou-
tinely tested on all part.cipants) and had
completed 1 or more food frequency
questionnaires (FFQs) around the time
of the blood draw. Women in this sub-
study were attempting to become preg-
nant or were within their first month of
pregnancy when blood was drawn. To
determine if women in this substudy
differed in sociodemographic or other
characteristics from women in the larger
study, characteristics of women in the
Diana Project who had completed 1 or
more FFQs prior to 30 days after con-
ception but had not had the additional
laboratory tests run were compared with
characteristics of women included in this
study. All women provided written con-
sent; the study was approved by the

appropriate institutional review boards.

Information on weight, parity, men-
strual cycles, dietary intake, vitamin and
mineral supplement use, oral contracep-
tive use, smoking status, race, house-
hold income, educational level, and oc-
cupation was collected by mailed
questionnaires. Conception was based
on a positive pregnancy test; days post-
conception were primarily based on
monthly records of menstrual cycles.
Height and laboratory values were as-
sessed during a Diana Project study visit.

Dietary intake was assessed by the
Willett FFQ® modified to reflect dietary
intake during the previous month. The
FFQ was completed monthly prior to
conception for 4 months and then every
3 months if conception did not occur. It
was completed monthly during preg-
nancy. “Other foods” listed by partici-
pants in response to the question “Are
there any other important foods that
you usually eat at least once per week?”
were coded and entered into the nutri-
ent analyses. Completed FFQs were ed-
ited in standard fashion and scanned by
the Data Recognition Corporation, Min-
netonka, Minn.

All of the 219 women in the study had
completed an FFQ within 2 months be-
fore or 1 month after the blood draw. In
addition, 172 had completed a second
PFQ within 3 months before the one
nearest to the blood draw. The mean+SD
nymber of days between the 2 FFQs was
3647 13.4. Depending on availability, 1
FFQ or average results of 2 FFQs
(weighted by 2) were used in the mul-
tivariate models. Previous results of com-
parisons of dietary intake assessed by
4-day, weighed food records among a sub-
set of 56 preconceptional women in the
Diana Project showed a favorable cor-
relation (r=0.67) between total folate in-

take assessed by .ne FFQ and the 4-day
record.® The folic acid content of forti-
fied cereals was estimated as 100 g per
cup (240 mL), the serving size listed on
the FFQ. Food folate was cstimated as
total folate minus folic acid from forti-
fied cereals. Cereals were the only folic
acid-fortified food reported by women
in this study.

Intake of vitamins and minerals in
supplements was assessed monthly by a
detailed questionnaire that solicited in-
formation on the brand name, type, fre-
quency of use, and dose levels of supple-
ments taken. Updated information on
vitamin and mineral supplement con-
tents by brand name from the Nutrition
Coordinating Center at the University
of Minnesota and other resources were
used to identify and verify the contents
of the supplements listed by participants.

Nonfasting venous blood samples were
drawn into trace element-free vacutain-
ers and vacutainers containing ethylene-
diaminetetraacetic acid (EDTA) or hep-
arin. Red cell folate was preserved by the
addition of 0.4% ascorbate solution, and
levels were determined by standard ra-
dioimmunoassay procedures (Quanta-
phase IR Folate Radioassay, Bio-Rad
Laboratories, Mississippi, Ontario). The
laboratory’s coefficient of variation (CV)
for red cell folate was 9.7%. Serum zinc
was determined by flame atomic-absorp-
tion spectrophotometry; the CV was 9.5%
for the zinc measurements.

Pearson correlations between vari-
ables were examined to screen covari-
ates and candidates for entry into the
regression models. Red cell folate val-
ues were log transformed to normalize
the distribution. Regression models were
developed for the full sample and for
nonusers of folic acid supplements. The
models included biologically pertinent
variables and those with a Pearson cor-
relation coefficient with red celi folate of
P<.1.Insituations where intakes of spe-
cific nutrients were observed to be po-
tentially related to red cell folate but
covaried with other nutrients, each nu-
trient was entered into the regression
mode! and assessed for its contribution
to R% Those not contributing or con-
tributing the least to the model were
deleted. Additional models incorporat-
ing curvature in the association of folate
intake with red cell folate and nutrient
interaction terms (eg, folic acid and iron
supplements) were tested. Final models
used 5% 2-sided tests. Version 6.09 of
the SAS program (SAS Institute, Cary,

NC) was used for all analyses.

RESULTS

Women in this study were similar in
age, race, employment status, occupa-
tional category, educational and income
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Table 1.—Laboratory Values, Dietary and Supple-
ment Intake, and Other Characteristics of the 219

Table 2—Coefficient Estimates of Variables Associated With Red Cell Folate Level Among the Total Sampie

and Among Nonusers of Folic Acid Supplements

Study Participants
.~ """ ] Nonusers of Folic
Mean (SE) Total Sample, Acid Supplsmen
Characteristic or % PE (85% CI)* PE (85% CI)*
Laboratory values Variables (n=189) (n=133)
Red cell folate, nmol/L 772 (23) Folic acid supplement, mg/d 0.30 (0.20 10 0.40) .
[ng/mL] [340 (10)] Folic acid from fortified cereals, g/d 1.28 (0.72 10 1.83) 1.57 (0.94 10 2.21)
Serum zinc, wmat/l 15(0.3) Vitamin C supplement, g/d 0.10(0.031t00.17) 0.09 (0.07 10 0.18)
_[pg/dL] : 8] Serum zinc, nmoiL 16371 (~247.86 to ~79.50) ~100.52 (~84.46 1o 285.50)
Dietary intake [mg/dL] [—1.07 (-1.621t0 -0.52)} [-0.66 {-0.55101.87)]
Folate. .g/d 255 (9) Intercept 252 (24210 2.62) 2.45 (2.32 10 2.58)
Iron, mg/d 11.9(0.4) A*=0.29 A%*0.19
Zinc, rng/d 121(03) *Parameter estimate (95% confidence interval).
Vitamin C, mg/d 126.4 (5.2)
Vitamin B,,, ng/d 6.0 (0.2) L ) o ) i
Aloohol, g/d 34(03) not take folic acid supplements were in-  sumed folic acid-fortified cereals in ad-

Breakfast cerea! users, % yes 86
No. of servings per week by users 3.2(02)

Folic acid—fortified cereal users,
% yes 74

No. of servings per week by users 34{0.2)
Vitamir/mineral supplements
Users of supplements. % yes 35
Users of folic acid, % yes 27
Dose of folic acid, n.g/d 338 (37}
Users of iron, % yes 28
Dose of iron, mg/d 22 (3}
Usars of zinc, % yes 25
Dose of zinc, mg/d 14 (2)
Users of vitamin C, % yes 32
Dose of vitamin C, mg/d 268 (65)
Smokers, % yes 12
Oral contraceptive use within past
year, % yes 22

level, and body mass index to precon-
ceptional women in the Diana Project
who did not have the additional labora-
tory tests (data not shown). Groups dif-
fered in parity (P<.05), but parity was
found not to be related to red cell folate
level in the regression models. Charac-
terization of sociodemographic status,
dietary intakes, vitamin and mineral
supplement use, and laboratory values
of women in the current study is shown
in Table 1.

Variables entered into regression
models consisted of age, occupation, edu-
cation, and income categories; use of oral
contraceptives within the past year; par-
ity; body mass index; energy intake and
dietary intake of iron, zine, vitamin C,
vitamin B, alcohol, folate from foods,
and folic acid from fortified cereals;
amount of supplemental folic acid, iron,
zine, and vitamin C; and serum zinc and
ferritin levels. Values for each of these
measures were available for 183 wom-
en. Results of regression analyses of pre-
dictors of red cell folate in the total
sample led to the exclusion of all vari-
ables except folic acid supplements, fo-
lic acid intake from fortified cereals, vi-
tamin C supplement dose, and serum
zinc (inversely related) in the final model
(Table 2). When only women who did
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cluded in the analyses, serum zinc
dropped from the model.

The Figure shows results obtained
when relationships between folate in-
take and red cell folate levels were plot-
ted by the level of intake among women
consuming the different sources of fo-
late. The relationship between folate in-
take and red cell folate level among the
41 women in the sample whose sole
source of folate was that naturally oc-
curring in foods increased from the low-
est to the second quartile (P=.002), but
did not increase further through the
third and fourth quartile of food folate
intake. Red cell folate level increased as
cereal and supplemental sources of folic
acid were added, reaching a plateau at
the higher levels of folic acid supple-
mentation.

Interactive effects of combinations of
supplemental iron, dietary iron, supple-
mental vitamin C, dietary vitamin C,
dietary folate, supplemental folic acid,
dietary zinc, and supplemental zinc on
red cell folate level were tested in re-
gression models. Of these, the interac-
tion of supplemental iron with supple-
mental folic acid was negatively related
to red cell folate level (P=.002, multiple
r=0.32). This model correctly fitted the
flattened association seen in the Figure
at high supplemental folic acid intakes.
A competing model that included the
square of folic acid supplements and ex-
cluded iron supplements yielded the
same goodness of fit (multiple =0.32).

Examinations of correlates of serum
zinc revealed a lack of correlation with
dietary or supplemental intake of iron,
zinc,for folate; or dietary fiber, caffeine,
or vitamin C intake. An interactive ef-
fect af iron and folic acid supplements on
seruth Zinc was not identified.

Meah folate intakes and red cell folate
levels varied by fortified cereal and
supplement use (data not shown). Wom-
en consuming only naturally occurring

~sources of folate had the lowest

mean=SE folate intake (213+18 pg/d)
and red cell folate level (61639 nmol/L,
[272+17 ng/mL]). Women who con-

dition to naturally occurring sources of
folate had a significantly higher (P<.05)
mean*SE folate intake (260+14 pg/d)
and red cell folate level (712+27 nmol/L
{314x12 ng/mL]) than women who con-
sumed only naturally occurring sources
of folate. Folic acid supplement users had
the highest mean=SE intake of folate
(61352 ng/d) and fed cell folate level
(983265 nmol/L [434+29 ng/mL]).

COMMENT

After accounting for the potential ef-
fects of a number of sociodemographic,
lifestyle, dietary, and other exposures
on red cell folate level, this study iden-
tified folic acid supplements, folic acid—
fortified cereals, vitamin C supplements,
and serum zinc level (inverse) as being
independently associated with red cell
folate level. Among nonusers of folic acid
supplements, folic acid-fortified cereals
and vitamin C supplements were inde-
pendently related to red cell folate level.
Although intake of naturally occurring
sources of folate was not independently
related to red cell {olate level across all
intake levels, a significant correlation
(P=.002) between intake of naturally oc-
curring folates and red cell folate level
was observed in women within the
lowest half of the intake distribution.
Measurement error in red cell folate
analyses, determinations of the folate
composition of food, the assessment of
folate intake, and variations in the bio-
availability of folate consumed may have
led to misclassification of women and a
bias toward the null. Because the half-
life of folate in red blood cells is approxi-
mately 100 days,¥ it is possible that dif-
ferences in timing between folate
consumption and red cell folate tests
altered relationships somewhat. Even
given these potential limitations, this
study of community-living women may
more closely reflect relationships be-
tween usual food and supplement intake
practices and red cell folate levels than
feeding studies conducted under tightly
controlled circumstances.
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Red cell folate level by geometric mean folate intake
within groups defined by sources of folate. “Food”
values represent quartile intakes of folate from
foods by 41 women not consuming folic acid—
fortified cereals or folic acid supplements; “cereal”
values represent quartiles of folate intake from
foods plus folic acid—fortified cereal by 115 women
consuming folic acid—fortified cersal and not taking
folic acid supplements; *supplement. no cereal”
values represent the median split of folate intakes
from foods plus supplements among 13 noncon-
sumers of fortified cereal. and “supplements, ce-
real” values represent quartiles of folate intake from
foods, fortified cereal. plus supplements among 47
folic acid supplement users.
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The relationship of supplemental folic
acid intake and red cell folate level was
not linear, as shown by the plateau in
red cell folate at the highest levels of
supplemental folic acid intake. We tested
a number of nutrient interactions that
may account for this effect and found
that the interaction of supplemental iron
with supplemental folic acid was nega-
tively related to red cell folate level.
Two regression models described the
plateau in the red cell folate curve
equally well. One fitted folic acid from
supplements as a quadratic curve, the
other fitted an iron supplement by folic
acid supplement interaction. If the first
model] were biologically correct, it would
imply that red cells were saturated with
folate; but others®® have observed
higher levels of red cell folate than we
identified here. We suggest there may
be an antagonism between supplemen-
tal folic acid and supplemental iron in
regard to the level of red cell folate in
this sample of women attempting preg-
nancy. It is also possible that the flat-
tening of the red cell folate curve at
higher levels of folate intake is related
to a decreased availability of folic acid
when taken with food®3 or to other,
unmeasured factors.

Vitamin C supplements were found
to be independently related to red cell
folate level in the multivariate models
used for the full sample and for nonus-
ers of supplemental folic acid. Vitamin
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protecting tetrahydrofolic acid from oxi-
dation.® Interestingly, Smithells et al'®
identified significantly higher levels of
white blood cell vit..min C as well as red
cell folate in the first trimester of preg-
nancy in women whose pregnancies were
unaffected by NTDs compared with
women whose pregnancies were.

We are unable to explain the indepen-
dent, inverse association between serum
zine and red cell folate level in supple-
ment users. This finding is of concern,
however, since studies have associated
high plasma folate and low serum zinc
levels with pregnaney complications and
adverse outcomes. 3" Although a num-
ber of studies have concluded that folic
acid supplements interfere with zinc ab-
sorption or utilization,®# other results
have led to the opposite conclusion.#* It
is possible that unmeasured factors re-
lated to supplement use or supplement
users account for this effect.

Red cell folate levels of less than 453
nmol/L (200 ng/mL), which are indica-
tive of a negative folate balance,* were
identified in 1 in 8 women. Nearly half
of the women (44%) had red cell folate
levels less than 680 nmol/L (300 ng/mL),
while only 1in 4 had red cell folate levels
higher than 906 nmol/L. (400 ng/mL).
These figures indicate that folate insuf-
ficiency is common among this group of
primarily well-educated, middle-income
women, Of the 710 pre gnancies followed
in the Diana Project, 2 cases of NTDs
were identified. Unfortunately, red cell
folate levels are not available for these
pregnancies.

Results of the studies reported by
Laurence et al® and Smithells and co-
workers' in which red cell folate levels
were assessed prior to the second tri-
mester of pregnancy suggest that red
cell folate levels in excess of 680 nmol/L
(300 ng/mL) are highly protective
against NTD. Evidence provided by the
larger study of Daly and colleagues®
indicates that red cell folate levels higher
than 906 nmol/L (400 ng/mL) may be
optimal. Red cell folate levels were de-
‘termined in this latter study at a median
of 15 weeks’ gestation and may be dif-
ferent than at the time of neural tube
closure. We suspect that red cell folate
levals reported by Daly et al® may be
highbr than levels at neural tube closure
(approximately 21 days’ gestation) ow-
ing tp the use of prenatal supplements
containing folic acid and vitamin C.

Meadn intakes of folate related tomean
red cell folate levels exceeding 680

nmol/L (300 ng/mL)in this study ranged
from 309to 411 pg per day depending on
the sources of folate. Women who con-
sumed approximately 1 serving of folic
acid—fortified cereal per day on average

(100 pg of folic acid) in addition to an
average intake of 231238 ug of folate
per day from naturally occurring folates
had a mean=SE red cell folate level of
750 = 77 nmol/L (331 = 34 ng/mL). Red
cell folate levels higher than 906 nmol/L
(400 ng/mL) were nearly exclusively
found among supplement users in the
current study. Extrapolating from the
data presented in the Figure, it appears
that folate intakes of more than 500 pg
per day from foods and fortified cereals
are needed to achieve mean red cell fo-
late levels in excess of 906 nmol/L (400
ng/mL) in nonusers of folic acid supple-
ments. Folate intakes of 500 ug per day
could be achieved by the consumption of
vegetables, fruits, and folic acid-forti-
fied cereals. In this study, 1 serving of
vegetables or fruit contributed an av-
erage of 42 pg of folate. Consumption of
5 vegetables and fruits a day and 1 serv-
ing of a cereal, such as Product 19 or
Total fortified with 400 ug of folic acid
per serving, would theoretically result
in folate intakes overs$00 pg. Among all
women consuming folic acid supple-
ments, a mean intake of approximately
450 pg of folate per day is related to
mean red cell folate levels higher than
906 nmol/L (400 ng/mL). Daily use of a
400-pg folic acid supplement would re-
sult in red cell folate levels that exceed
906 nmol/L (400 ng/mL)in a majority of
women.

Characteristics of women in the Di-
ana Project are similar to those of wom-
en in the HMO from which the sample
was drawn. However, the HMO and the
sample include a very low proportion of
women from minority groups, and most
women were in the middle-income group.
Consequently, resultsidentified here will
best apply to middle-income, white
women.

The forthcoming fortification in the
United States of refined cereal and grain
products with 140 pg of folic acid per
100 g is expected to increase folate in-
take by a minimum of approximately 80
pg per day.® Since the mean folate in-
take of women of childbearing age in the
United States is around 206 p.g per day,*
fortification of refined cereals and grains
would elevate mean folate intake to at
least 286 g per day. Based on results
presented in the Figure, this minimal
level of folate intake from foods and for-
tifled products would theoretically re-
sult in a minimal, mean red cell folate
level of approximately 634 nmol/L (280

ng/mL). The extent to which folic acid
fortification of refined cereal and grain
products protects against folate-respon-
sive NTDs will depend on whether lev-
els of red cell folate higher than 680 or
906 nmol/L (300 or 400 ng/mL) corre-
spond to the prevention of abnormal neu-
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ral tube closure. Nonetheless, these data
indicate that folic acid fortification of
cerea! and grain products will not pro-
vide optimal protection against folate-
responsive NTDs.

While fortification of refined cereal
and grain products with folic acid wiil
play an important role in the prevention
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